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In many materials the firyt approximation of thae relationchip betveen siress
eyl elastic dsformation cen be computed by Hooke's law (€ :-£ ¢ ), which doces not
give, hovever, a very clear picture of this relationship, being more scomplex than
showa 4o the formula {(1). In eddition, there is no indication waatsoever of ithe
rolationship betveen the degree of deformation to the period of the action of stresa,
in spite of the fast that this relationship is very important for many parte whose
elastic deformation ie significant as a pest or presently acting effect in the
operation of machines. The clief shortcoming Jf Eooke's Lav is that it qoes not take
iato sccount either elastic fatigue ar elaatic hyeteresis (2).

In effecs, If any tangible material is sudbjected to elastic deformatiom, the
o, at1ibrium produced in the elastic-deformed state cen de shown by curve OAB (Fig-
ure 1), 47 the atress 1s removed, most of the elastic de"crmation will disappear
{part BC of the curve), vhilc the remaining defurmation will disappear over a
psriod of iine at a gradually dtminishing rate of speed (part C'0' of the curve on
the 25 conrdinats). This greph 1lluetrgies vory wll the existence of slantic

fatigus.

Thus, if we sdopt the view that elastic deformaticn in machine parts servee as
a sctle for some type of foros, then the stats of equilidrium will not take place
immediately, but vill have a slight lag (Figure 2). If, after that, ths etxress io
incressed, then the relationship can cace again be remresented by an almost atraight
extension of the graph in the originsl directicn; however, it will coincide in
places with curve BC. Blastic fatigue is even more noticsable vhan the part is aub-
Jeotsd to a conatent Jeformation. Porformance of tlw part is affected by the re-
sulting foroes. In this event olastic fatigue inevitably results in.a decrease of ‘
atress in accordance with previously determined data (Figurs 3). ®slamtion {laseen-
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ing) of eiress is ihe term applicd to the decronse of giress resulting from changes in
elgstic deformption. \ . . .

U purtosr Biudy of Lgis provlem will. vhod lhai Frequenily slestic deformatlon. Ao ;
trenaformoed inte plagiic deformetiom, in vhick caso there i3 ne reversion to the
original state. A6 can be seen from Figwe 4, camplete deformation involves: (a)
pure elastic deformation (B'C'); (D) return to the original ptate after elastic de-
' fom;tim {C'D7); (o) elaatic deformetion vhich doas not return to tie ariginal state
D*O}. : :

Tt met be conclnded, therefors, that many tengible meterisle poasess Imperfoct
elastioity. In anch materials olastic deformation disappears only after e long period
subgeguant to the removal of the stress, end in some ceses it does not disappear com-
plotely. This phenomsuon cen be expluined phyeiecslly by the fact that the properiieg
of the individual crystale, containiag the tengidle noterial, are not hamogenecus;
and that the actual structure of ithe material is irregular {micro-pores, verieble
strustural Teotors, intercrystallic epaces, and nonmetallic admixtures, etc.).

ol As a result of the impexrfect algsticity of tengible materiels, and tho effect of
SR temparatire, machinos and parts groduslly lose operating power due to relexation,
G pariiscularly where clearance is on tmpartant factor in the operation of the machine
{5.e. elaptic deforgation in coupled parts). In additicn, due to the fact that
temperature itwelf docreases tho aelasticlty of materiale, a very complex process 1s
neoegeery to solect thoss materials which will retain their slasticity even at high
temperatures. To complioate mattexs still moroe, many motals develop noticesble croep
&t high temparaturen, i.c., plestic flow due %o the influence of conetant atress,
vhich aleo occurs ma. s result of dscreasing stress in elastically coupled parte.
‘ “ D ) However, it is imporiont to differentiate between relaxation fatigue end relaxstion
Tel R . ey {tiow). o : Sy

. 5':\?\ ) Vo can msgume that in relaxation fetigus hire-ie catabilshed scms eort of a init )
: for atress affecting local plaatic deformations. A a result of reraxstion the creep .
atresses diminish with decreesing spoed and asymptotically approach serc. -

The obtained data permita the coanclusion that the formation ¢? plastic defor-
mation in all elastiocally coupled ?arta results in the relaxation ol etresess in
LR couplings. Maxwell (3}, Boltsman k), Volterra (5) and others 2cterxived the expancn- -
- sl : tial relaticnship of stress decresses to time in rolaxation (Figure 5). . similar :
o relationship ie used to determine o=ceasive decreasey of stress dmring the initial
poricd followed by a rapid, but gradually Afminishing stress intsneity during tte
subsequart period. In fact, after the complaotion of the intenss reilexaticm of otress
: ‘ ) thers is & gradual lovelling off of the streso to somo average amount, relative to
S o the futensity of locel plastic defaxrmation caused by excess ogtrese. As a result,
4 e there is a gradual loading of all the crystals of the metal. Consequently, the
T mEE develoment of local plastie deformaticn is reterded, and ths materisl retaine en
almost mnobanged elastic defarmztica.  3ubsequent gtresses, ogual in intensity to
the Pirst stress, will not produce relaxation as intense as for the initiel st¥ess.
In effect, if this oxperiment is perfarmed, it will be notlced that Chs secondaxy
Gecrease of stress will be much less, vhile the o*:bility of the farn resulting
‘from otresno’" (Figure 6) 18 rock higher than that resuliing from strcssoe-”.

8 Lo The thedretical exprespions vaich wers developed served as the basis for golving

K ot : N jroblems with reapect to teckmological procssses in the proparation of sp-ings which
. - : had to opsrate at high tompsratures vithout losing their ehape. In the past, there

v o : have besn many mrticles vhicl have attempted to solve indiwigual problems ia this
‘ £ie1d (6 and 7). It i now podsidle to drev some canglusicn from all this work and
to sulmit recommendations of a general nature rogarding the pelaction of material;
whioh will gerve far tho asnufecture of springs which wil) finction at high temp vra-
tsos. These nev materiale mast differ from conventional spr: material in cextain
recpects: (a) high resietance to creep (high thermal stabllity); (b) abaence of
tendency towerd tosomal frangibility; end (e) high heat roalstance {nigh chamical
stedtlity against the effeut of agaresaivo geses at high tamperatures).

. B : Theos requirenents can be met by gelection of maiariais with prover chemical
-2 -
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rropertics. Stability of sprtbg(QMprml& charartorized by emall relaxation

speeds, can bo-cbtained by gupplementary processing which will revent extrems re-

laxation of the springs wider cperational conditions. Toersfore, in the manufoctore .

of ‘springs 1% 1¢'necesapry Lo prevent deviaticd from moaguremsnts computed for prover

oparation of the springs {for sxempls, the distamce botween the shackles oo oom-

preasod eprings). However any devistion from the sienderd should be suek that after
_ supplementary heat treatwent fou enticipsted relexation (retention of elastd city after

N baing subjeoted to stress for o pericd of 24 to 30 houra after heat trestmant they

would disappesr coopletely dus to the conversion of elastic deformation into plsscic

doformation, The odject of thie operatien is to preduce an iritial intense and coue

plote relaxation cycle in ‘the unit with a subsoguent slover chenge of the elastic de-

formation into plastic defermation, vithout eny ssrious sffect on the pesformance of _

the wmit, Muismbymfmmtthasecmdmmmofauaupmts : S|

the use of fairly large atressea (howswver not above those acting during the initial ' S

rolazetion) with caly very ssall subsequent changes in the ebaps of the eprings.

Ocmzoquently, the tocknological procsss for the weparation of aprings which are in-

tended for operation at ligh teaperatures inaludes the following stages: {a) manufac-

ture of the lpﬂngn partionlarly the coil type); (b) ordinery hsat treatment {(annssl-

ing and tempering); () initisl relaxmtion under actual operating ceomditions (retention

of elastioity after being subjected to stress fou 2% to 30 hours at ardinary operating

temperaturce); and (4) ascceptance tosts (in perticular, tests far sturdiness )

P v The theory (8) thet 1t ie possidle to use temperatures higher than crdinery operat. °
. ing temperstures during the initial relexation is erronsous. In many cages, the inter-
val hetweon the sunealing tsuperature and the relaxation temperature (1.0.. the operat-
ing temperature) is 50 mmall that 1% i mot possible to produce the indtisl relaration
at bigh teaperaturen with the objective of shortening the elasticity retention test
o L without lovering the elastic limi%s of the spring material. This lowaring of limits .
b o e vAll Do notined in the acoeptestes testa ar will be reflected in the operation of the ..

y e e g $5rings (poasidility of having them lose their resilience mare quickly, dus to the .

. et o loweridg of the olastioity iimits). :

In socardance with requirements, the chemical standards for steels uged in t.h‘e:'
maufecture of aprings must includo the following factors: . ST

1. An increased mmount of carbon (0.5 percent or mare) to cotain high encugh S
2, Chromiuwm or eiiioon admixtures to narrov the ratio between the Umdt of
. R R Woparsionality end the liwit of stability to mity; thess admixtures also increase ... .
o U e beat resistance of the stesl : N
R 3+« Tungsten, molybdamun, vensdiw= and chromium admirturee to increase o heat . :
ronistence of the steel : N
A, Inoressing the emount of menganese end nickel facilitates drilling holes 1n -
the sgrings; perticularly desirabie where apringe are manufactured from materisls
baving largs crose seciians .

The vark comducted tc dotermine tho best type of steels for springs which havo
to cpexrate at high temperatures formed the basis of the follewing tables.

Teble 1. Recommenled Steel Types for Springs Opsrating at High Temperatures
‘ Chenical Compcaition {in Percent) -

a’““ e g SN e . x ot R e H.'I mﬁ“: . ’ ]
m1 Gr im . o - *
& 8 - {degrees entigrads) i
6oee 0.55-0.65 1.5-2.0 - - Up to 250
BAXLS o.iz-o.;;; 1.2-1.6 1.5.1.2 - 250 10 350
DT  0.46-0. - 1.3-1. 0.15V
ge 0.24-0.35 - 12.0-14 .0 - 350 te 400
0.35-0.45 - 12.0-14 .0 - ,
60En1S . 0.20-0.70 - 15.0-17.0  1.5-2.5 Mo . 400 to 500
EI290  0.95-1.07 - 3.7-4.%  2.7-3.3 Tungsten ‘
2.7-3.0 Mo
1.5-2.0 Venadiua 500 to 600 K
. -3 -
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BOTE: The slenents which do not afZect the characteristics of the given
. ogleels .are. In accordence with ogtablished stats. stenderda. .. - .
Thers 1g Do doubt that there  are othar steels which can be sasily used for
the production of springs intended for operatian at high temperatures.
Table 2. Heat Treatment of Steels for Springs Operating at High Tmperatures
Type of Gteel Temporing Recmwmndod Procome Relaxstlon
N (dogroen centigrade) Materials used Annealing (degrees zentigeac: ' ...
: fur Quenching (dsgress centigrade) R R
6082 880-900 01l 350 250 )
BhEns 840-860 " Y480 370 ; s 8
BoxL® , B40-860 . - . 450 370 o
3 1020-1050 » 530 k2o ECRENREA
1020-1050 Atr 530 20
CORMIGMRA 1100-1200 - O0il 600 520
8890 1180-1220 " 650 o GO0

Fovertholens, hecauss of th: very complex natwre of the problea, it is necessary

%o meke & tharough expmination cf the stesls before making any definite recazmenda-
tions. This oxamination should fncludé the mschenical propertiss of ateels at high
tougaratures, as vell an the determinaticn of tns best mothode for obtaining the
{nitial relaxation of stewls. 80 far, it has been a gauerally accepted fact that
2igh spes? atecls exe ths best materials for springs, as they have the dbest heat
rosietenco. However, on the besis of experiments, cobalt and gome enstenits -alloy
astesls cau also be recomainded. )
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